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^ ^5. 3fl^ ^ «o V ^ ^ ^ ^£1 ^ojtf. 

S^h £ *A<£% S.^) ^H^-g- f>}51 %-5L^% ^^}JL 

£ 3c 

, flip-Chip, ^5. Sj)j=, ^ 5 fl7lAE ) 215 „ 
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103TO30099080 



#^ 2004/1/8 



^5. sfl^- ^ °o v ^ ^ ^{Method for forming bump pad of flip-chip and 
the structure thereof} 



£ la £ le^r #£fl 7l^ofl 4= ^ hJ-^o) ^ £0 ]cf. 

£ 2avfl^l £ 2e^r ^efl 7l#^ n}€- igac sflJE. *#£oluf. 

S. 3a^^l £ 3f^r W}^*ltr ^Aja^} a}-s. yq H ^ 

£ 4a ^ ^efl 7l#^l 4s. uja sfl = ^ S^S^ji, £ 4b ^ ^efl 



310 : ^<37.fl 320 : 

330 : efl*l^H stfH 340 : ^ 

350 : 3fr 5L^# 
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102TO30099080 #^ <H*}: 2004/1/8 



^^^r (silicon chip)^ 2fl*r , 47]^, ^^>o] 3 cj^ S 

sfl-7l^i^ ^^oi <£ 7 }o) 70 %i- <£b^ 9X^, sfl^l^ 1 -^ 

^(Chip)^ 3712} ^^ofl ^ ^Cf. 

aj-JE^l ^(chip)-8r ^*}<*l ^l^^AS 7}^3-*] afl f] 7}^ 

(D^lS ^-tiflCsignal Kedistribution) , (2)#^ ^Kpower distribution), (3)7l7fl^ 
3l £LS.( mechanical support and protection), U^^sH thermal management) ^ol^} 

(l)^(chip) xfl-^ ^(interconnection) ^7l) , (2)aV£*fl ^(chip)^- 
S.-i-(single chip module; SCM)S. ^71^*1-^ (3)SCM-t- PCB f-sj 7 r ^(cardHl 

^*Hr ^Til, (4)<^z\ ^.g. -t^e-] (connector) f~S- °] -§-€>H ^cofl ^a]?^ 
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1020030099080 %^ <£t\: 2004/1/8 

<14> COBCChip on Board)^ MCM (Multi-Chip Module) 7l#£r 2, 3 &7\)7\ ^Eflo] 

<is> 5j) ^1^1^ #t]HH o ^Itt ^(chip) vfl^s] nfl ^e^-ol^i ( meta i i zat ion) ^°}jL, 

v}o)EL3. ^5. 1, 2^^]oflA^ A>-g-^cf. 

<ie> i ^HIa^ Aj-g-sl^ ^ ^£-^(wire bonding), TAB (Tape Automated Bonding), 

#^(flip chip), ^ ^(diffusion bonding) ^§-8: # ^ ^Jl, 2#3HH ^r-g-Sl^r *3 
PTH^- SMTt- 1- Si^-. 
<17> o]2f ^ HV^^ll 5]S.<i 7>*1 ^ £r.£olH ^^°) °1 

<is> o^Ha^ i t^o} ^ efl^( c hip level)^ ^ *i^(wire bonding), TAB, 

^^(flip chip) (it^b C4: Controlled Collapse Chip Connection) l-U^Cflip 
chip) (Su C4: Controlled Collapse Chip Connection) -g-^-i- ^^*r^. 

<i 9 > ^^^ (Flip chip )ol^- %.o]^ afl^^(bare chip)* $\$°] 7)&o\] ^^rf^ ^ A <HH 

<20> Jg.^ (Flip chip )^ 60 virfl ibm^a-I AjSl^ol ^^ofl o)-^ Aj^.^( manua i 

wire bonding)* cfl^l^V^l 5)f>}<^ & , IBM^a] 7flt ^Hfe C 4 (Controlled 
Collapse Chip Connection) Q^^t)-. 

<2i> ol aj-^-g. tifl^^( bare chip)£l Al sfljEi $H ^l^e}^^(metalization) ^-3H 

#3 (solder bump)!- ^^+)?)J1, 5^-5. ^-(ref low) ^-2.5. fnlsj ^-^ 
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1025030099080 #^ 2004/1/8 

<22> #^7 r ^-aj-sl tiflo^(bare chip)£- Blf-S-f (ref low) ^-^^S. 7)#d\} ^a]^ 

i=h #3 ^(Solder bump)!- ^^1^1^^ «fl<H^(bare chip) IH^I^- s|]JEL(Al pad) 

$H Cr, Au, Ti, Cu ^ ^-4-* 2^ ofl*J (etching) ^ *\M^o}^ 

(metal izing)^ 7>^§>£^- ^^*H<=>> , o}s. mu (Under Bump 
Metal lurgy)B]-JlS. ^-^-cf. 

< 23 > -g--g-X| #pl7> ^-MwettingHl ^*fl tj.^. ^JLsL 33°fl 

(short-circuitH ^*rTr 3J^§- « 0 M*r7] ^iKpassivat ion)-§- <ktf t^a] 

<24> ^#(Passivation)£r 2)Sl} ^^-(si 1 icon) Ir^l-^uf ^ 

<25> #t:^ ^le}-^ (ceramic) Tj-^lfe 95%Pb-5%Sn (T m =315°C)* A}-g-<5 r j7, pcb 

7l^ r o 1 lA^ 37%Pb-63%Sn (T m =183°C)^ ^ (eutect ic) A>-g-*lcf. 

<26> ^.^^ (Flip C hip)^- e}#^ (ref low soldering) #^ 

(solder bump)!- ^* r ^S 7f7l^^ jL^-(sel f-al igning effect)!- 31°-*) , ^ 

(chip) 4^(pad)sl ^ja.«4| oj-e)- ^ 91SLH.3. s\S.^]Mr 

<27> t E ^- > ^S^H S1*V 7^1 ^ ^51}. 7^1^ ^ oloo] f sfl^l^ « 0 > 

^ ^3 ^£7> 7># ^Cf. 

<28> #^(Flip chip) ^3 ^JE-i- ^o]j7 i£f # ^ ^ ol 7 ] nfl^-ofl ^A] 
^°fl ^ A>-g-£]j7 olO^ C0B ^. MCM o) 7 |M. 0_4l7> ^Cf. 
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1020030099080 %^ <Q*\: 2004/1/8 

<29> ^ ^£7> ^7}^°\) 4^ ^ ^3 # ^ V ^^-£ f7^£l ^Zj-ol B fl 6. ^jQ.^. 

irl^CFlip chip)4 SlS^^r °1^}7] t\% y\% (multi-layer substrate)^ 

y\% «H(via)# o)szo] ^lcf. 

oo> 71^4 ^(chip) ^ ^ ^-f^ CTE al^H 1 (mismatch HI £]*fl >iH)tr 1-§-^ *fl-g- 

^^7} 3* fM^M ofl^A] efl^l(epoxy resin)^S ^ (chip)-*)- 7l# 

^-fxr (underfill) *H <i-§-^-§- #^]7)Jl ^* ^7>A]?Jt}-. 

<si> ole^v ^ 7l ^o. 7 j^o} (Solder )♦ ol-g-*> ^4* ^§°IM t^}, ^*M1 ^ 

21*1 ?Hr, ^-MC flux less) ^ ^.^91 ^ , *)£r ^ ^ 7>^^ ^JE^ ^ 

<32> ^^.g. ol^-^V s.^ ^ 71^.0. 3x1] = ^ .g.^ ^3 wj S (Bump)-& *|^*Rr 

°^7>7> ^^Ml* SL3.f>}^ ^3, ^(Chip)2f 7l^J4-o) ^ ^JLS. o] 

<33> oje^V §^ 3 7l#^r ^sKr ^ei ^ ^ 7)#^ u)^ sfl^>cf 

^ ^*Rr ^^l^) *>^r ^^-g-o] oir}. 

<34> wjsr ^ ^Jli^l ^fl^r (Evaporation), ^e^^ (Sputtering), ^1*H5L^- 

^(Electroplating) ^ « 0 >^j4 i£e) ^zle}] 31] (Photolithography)!- ^5. ^ ^ 

iEi^.(Gold Stud) 717^)^^.5. ^ ^ A] 7l ^ y o V ^l: 0 l ^S. A>-g-S|ZL oicf. 

<35> 7 }^g] j7^ £ s.^ ^1- aflj^ ^S«o V ^^r ^ 27M ^ olcf. 
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1020030099080 W^ 2004/1/8 

<36> zl wj-^^ ti.E3«B] w.( S ubtractive) ^ ^Iff-^l ^ 

<37> £ la tfl^l £ i e ^ ^efl 71^1 4^- sfljEL wj-^^ ^^olcf. 

<38> i lai ^-S^, ^<£*fl(110) $H ^ iE^r ^-ff-^l -§-JE#o|| £|Sfl 3H = (120) 

♦ £ lb<Hl ^ ^ ^-^fl(130)» <a*M, ^71^a^ ^-^fls. — 

<39> ZLS^JL, £ lc# %^er>^ ^#(130)» i^gV^^H ^ 2flc (1 2 0) o^ #j=L6J| 

=E^ol ^f-(130)-i: *fl?1*H s^l^B ^^*Vcf. 
<40> £ Id* &2i7>}^ , efl^l^m ^^o] ^s] 3fl = (i20)Sl <*fl4)-g: *M 

HLfe ^^-^71 ^-JE^l o^sfl ^ 5fl^(i20)# ^Ti^. 

<4i> oj^ofl ) £ lei- tSf}^ efl^liE sflH(130)# ^l^^ji, *H ig = rffls. 

<42> A o V 7 ]^ ^ ^Hfl o o V^^. ^fiJELS] A>Cf^^- t$#o] S\c] 3Zfl = fl" 

3 A>ol^ ^ sflc n]J=L«. oj fl-^ A>o|^Cf TiTi ah.^ ^ 

<43> ol ia o V^^ *H13S ^ ^£ ^7)1^ 511 n^-5.o\) Sl^l-M-, ofl^*V 

^ "H^^H <Hal^ « wj^ol 2.0ole|-ji ^ ^-^Tfl lOum 

^-t- eKKline)A£slM:fi(space) 20um/20unH ^MMcf. o] ^ ^ 40um ^ SMD^S # 
^ J<||E.* 3^*^ 2fl= ^^1^- 160um7> *MHu}-. 
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102HD30099080 #^ ^*}: 2004/1/8 

<44> £ 2a^^l 2. 2e^r cf-E- ^efl 7l^<Hl ^5. ^ JH-£ol^. 

<45> £ 2al- , ^<3*fl(210)3H oVnV cL^fl S> JI , £ 2b* ZL^ 

ofl ^-.(230)^- S-e^-o] ^^.(230)^- 2^ efl^l^H 4^(230)* ^ 

<46> zielJi, £ 2c* #Sfl-^ ^ 5L^-iL^ £ 2d* * 

lii^ll^H ^ Jf^efl *fl7l*H slit £ 2e* a^sl* 

<47> o] h o V^o^ n}Afl S)S ^ ^<S# fi^S] o_^, ^S.^ ^liEo] 

Sfl^S., 3}*fl ^# ^ofl o^^^jnV 33 7l#^^ eKl/isIM^ 15um/15um?M 7> 

<48> o] tJO- a) 3 49um^ SMD jfl.E.3- ^^S>^ ^ 100um7> 7>^*fl^l'cf 



5^ ^l^lSj-/ JlStb ^7l^/JlAl5l^/Jl^AlJ:^^S/JI7l^ -§-^ ^ 
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1020030099080 #^ <&z\: 2004/1/8 

«■ ^ ^ ^ 9? =L ^SRr ^-g" ZL ^SLS. tb4 

<51> Aj. 7 l^ ^ s.^^. ^^7] o^V ^- £^oll -xUfl *>J1 ^ 

*fl ^*Kn. ##*fl« £i*Rr 1 ^711; ^-71 i^/^tfsH 

<52> g:^ ^jo} M. i£^oj ^ x c^]- ^oJA Slgo11 ^.^o. ^ 

^*Rr 43; ^ ^T^ti $H ^7fll- 5L3E<5>^ 43* 

3* ^°-3. t.lcf. 

<53> JE^, ^ o. o^ofl J-^sfl ^ HHEH#; ^1-7] -§-JE^- 

MVoV sfl^f^ofl -¥-^§fl#; ^ ^"71 ^^f^o]) #*1)#* 3E#*H 

<54> .a. a o v 7 ] j-^*-^ ^. 7l ^^i]^ ^ 20um^I a o v 71 

€*fl#£r 5~10um°i ^-^^-S ^4. 



4*4 ^4. 
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<56> JE 3a ^1 £ 3ffe -g- «]-^t!- ^^HH ^f€- €^ ^H. sflJE. ^ « 0 V^£] 

<57> 51°!* ^£^(310) ^ ^-^.n hv^- £-^#(320)* <g>$S> 

<58> Jf*}*fl ^Bfnl, ^4 ^ *4<£xl)2] S^ofl 51*1^ -^*}7l ^ 

<59> Jj^fl -S-S^ tfl*> SL^-ojos. ^ 7l - ol^ofl o)*V aV-g-* ^tfl^- ^ & 

<60> £^-<^O.^Ei ^o] ^#^71 S^-B^ *1\TL°) &^°\) #n]] 7 > -^aj-£)^o> 

<62> 3=;^ -^5=^ JE^^l 71^-g- ^-ZL^ ^ o_S. *S*>^S 71^2] S.^- ^-g-ol 

<63> o)E]t\- J=L*±*fl DlM, 2)i£S 3)^1«1 #ufl*]5} ; 4)#nfl^^, 5 )^ 
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10^)30099080 #^ ^7}: 2004/1/8 

<65> i£S Y^^^^r ^^7l# °Vl-cH :£##3HH -^°J^>7> 

<66> o)ti] ^ D ||^^6|l oVA^ ^flol^ofl 7 ] ^ ^-7]- ^ ^ &) 

<67> X -l-%cl ^ A^o} e]=fio)| 71^ cjel rt-ZL^ 3} oj £. S ^ n fl^E]7> iLcf 

JL^7} $1^. oflti] #nfl ^e}^ ^ti}^ O.^ 1~3%S 5)^51- ^nfl A>-g-tb^-. 
<68> 32]-^^ ^ ^ ^S-Al^cH] inf^lf ^^^Cf. # n ti «S*>*r Pd~Sn 

S^WS^ 5L^£)^ ^7>o] Cu2 +^ Pd 2 -7} #^Hr ^t}. 

<69> ^sj. j^-g. iofl^^s. ^fl Pd-Sn^»l 71^-Sl S^^l A o V 3HH 

^ ^ ^s}-^ ^0)71 ^|«fl Sn4 Pd# °l£:3H7|fe ^t^. 

<70> o)u\\ > igo^ Sn^^-^ ^l^S>7l ^ A^^ol ti>JEl A] ^^.^cf . ^fifl 

^ 5f^-§-^ ^ °-^*fl °J:^S1- aV-g-o.^ -oi7i 5^. 

<71> S^-aV-g-o] ^^5] 7] ^*lH^r Aj-7}*]. 37fl^ y>-§-ol ^t§^r ol^o> oj!- 

JE^-oflo} *lM<5Rr ^O] ^A*>rf. ^l*>7l fl^A^ JjLa^ A^o} 3^ ^ 

<72> iH^fe <H*> <^3j.^*l7> ^--g-f-O.^*) 

oflol AV-g-AjTio] ^ ol Cf. ^7)H Oj-H} §fl til ^5L^, Clcl<>l 

<73> ^>5)-«oM 4^ ^Sfl ^Ml tl^ti S^O] <4-5l-£l^ 
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<74> ol^ofl ) £ 3b# #S*M3 f ##*IKJ=EM <gtl ^ofl ^ ^ o. 

<?5> ^ ^ ^ o. ^.g. t=^^ el-nltilol^^ ^^-o) ^ s ^l*J^cf. 

<76> afl^sfl^o] #^=1 ^>H^a «i-§"^ °l-g-*Rr tiVtfolc}. A>^1^^ =^o] Sj^ 

<77> D/F^^r ^^S. D/F^l H ^91 7)^} ^MH^* ol-g-*}^ d/F» <y*m-. 

5fD]u|lol^Aloll^ 7l^^ ig^^. * 7 fS ^^}7] 7><1^ f^S D/F# 1 

<78> o] nfl ^ jgf-g. Mylar ^-p-* #7} ^oj- ^^M^ £ £ e|7lAE jy. 

<79> D/F el-nHlo!^ ^1 ^^1^ ^ ol^-^ol o_^S]^ ^7^1 

^>o^o> eVcf. s^K-flo]^ =^ofl oj^o, ^.^^^ <y-a]-_g. ^ oj £_ £> oj-av^ 
^JE ^-o] olcf. 

<80> !-<H , ^-g- ^JE^r 110di0°C^^S- -frx]5\o]o): ^[ JLj 7 ]$.o) 

50t;~70t: ^^s. $-x\s\o]o); ^-cf. 
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10^030099080 <£t\: 2004/1/8 

<8l> <^#^7.fl1^ ##*fl# 7)3&d\) SL^t}31 

3-, D/Fl- 0 JH nfls} ^ Jl41- <gfecf. o«a o v ^-^flif- D/FJ14 g^l £S ^v ^ oi<>| ^ 

*HfV S)^ 1 ^ ^^HrC-fl -fr^tf. 

<82> oj-l-ei a^oii ji^o] oi^ ^ o. o]5 *fl^ -g-^ a ^-g- ^-i-^^^ D/F°fl «1 

ED^ 91^-. 

<84> °«»fl^ 513. -f ZLtflS AV-g-^ ^ &Jl^, £.£-o|H Td^s}^ ^7>S 

<85> i^o]^ ^ zl^S. *H1 ^*<H4. D/FM- 3^ 71^1 Oj-E 

<86> OhH^H €#^T 71^ ^SVAlfJ T^-*}^ £ o]ig ti^s])^ Jf^Sfe T.}^ 

O] S.*>J1 ZL fi] J=L«-0_ S ^. 7j-<^o] -f-S^Cf. ^^l^oll D/FM- <^ 

<87> ic^-oll ol^l^ ^4,^ ^ 2^^=, o>H£|£i ^Kg- <H*V ii£f2j 

ii^S] ^51, ^51, i^-AlTV, ^Aj ^£oj -o] o^cf. 

<88> 7>S>1^o)] ^#5]o^ Jf-«-g- ^JI, ZL <^ Jf-g-£- -g-sflAl^ aflT^fe 4 

^°14. M €# A o > ^ «fl^S)]^ol 7 }#6\] q-E}\+C]-. ^Aj-cfl o.^- Ej- 
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<89> D /F» A>-g-^ ^-o.o)l ^ ^<$6\) Mylar ^l^^cf . ^ ^ofl^r ^ofl 

#fr*r*r ^^^-i- Xl^M ^^sj- ^^W. 

<90> Aj-BfloU^^ «fl^3lflBiol ^S^lnV A} ^ ^ C£cf . ^V-g- 7^^]^ 

<91> ^ ^-^oll nj^l^ iL^ofl^ IgAj-oHo] ^AV <£^ ; i-^o] ^ a. f 

<93> ^-g-^>7l ^SflA-^ iHfl* ^l^^ol A^s^o) ^cf. c^7l 

<94> *\}®°}$ Hfl^TzflEl^- Hl^-*V Z}^ sfllg-g- O]^^ ^ ^ fc^r ^4 

. XI ^ 4^ z>tf. -f Aj ; ^ ^-g- i- <?hi ^3^* ^^14. ^a.^ ^-g- 

7>^7l7ili- A>-g-^c-fl, hH^I ^-¥-^1 M <M ^-^^l-Tfl ¥^ 

4. 

<95> 91^7) 'Be Oj-g-^ iH^Sl 4^*- ^£.5. ^"TJ A c VE}]cH]Ai ^-g-^ 



29-15 



0^ 



10ZD030099080 #^ <^*>: 2004/1/8 

• <96> ol^ i^fl ^MH °J^°1 ^-^1^71 ^^7l# ^ 

<?]^ 0 1 afl^sfl^* ^lifl*> 

<97> o]a o V^ 4^^- 7^ ^.g. mo]] Jl^i]^, Mfl^^fl^* ^3.^1^H1 

<99> ^x] ^EL&°\} ^ $1^ -B-^^r-i- 4*11 SL^r ^° s v ^ ^7^ ^ 

<ioi> ^o.^^ m ^ ^d]^ ^a]^ ^^^Hl t^altl-cf. 

<102> oj-H^aL ^til 4^^r ^£1^1 &*}1Qr yflAjjrfl^o) f^sj o>H^5L 

<103> iH?l<Hl A>-g-^ ^o.^^ ^°)) -§-^§- ol-g-^c^ ^^*Vcf. ol^Tfl 

t°S«1 ia^^Hl HflAljlflEio] ufEl-M-Tll Sit}. 
<104> ^2- 2).^ O. ^ A> ^.^ # _g. a2}-^£- ^l^Efl^ ^.ol 

*M Tfl^, -B-^l^ ^ ^ -H^ ^Bll, 3fl^2l A^ £ ^ ^-0]^>Cf. 
<105> ^l^fi ^3.^ #<2] tifl^Sfl^ °J^o U -]AS 7l^ofl ;*U>*Hr ^Olcf. ^EL^ofl 
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5Hr JL^- *}5L U^, °JH7> °>2flSl 71^5. *HH^. oj nfl , sfl^ol 

<ioe> <yiflS '^3. ia^'o1s]-j7 sf^oll o]^ ^7lofl i3?]el 

<io?> ^^^-S: <M7H °<jat HoH'd €*Hir 71^1 

<108> i^Mfe if)*^ 7l^rol o)s- 2 |c i ol^ 4^ ^ ^7jxfl# l^H ^^§1 -ti^ 

^ ^dSLS. ^^Al^cf. tfl3£ ^-g-O.^ ^ifl^-Ei TjS^l^r ^fS ^-g-^ 

<110> ^ y o Vt ?Hl^ ^^12:, £r^£2, *}1 TiS, ^^^1^1 TiS ^ A>£)Aj £2:7} ^Cf. 

<lll> Aj 7i2:^ ^a} efls-g. A} jl^S UV °j3.oll^ -fr-SL^t}. , £2: a];t>o] ^ 

<ii2> ^27} !-#£-T5>i£ -«M]^3H>H ^6n^ ^3^4f iH3M £)*fl 31*1 °J 
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<H3> £ 3c°lMfe- 7 d^^ 1^ s]^-* H^3h=h ojufl 3j ^ s-g-ofl 

(340)^ 5~10um7> ^^*}cf. 

<H4> ^ TXj-^^ Ol^-^^ l^t}. S^*^ ^ 

7^ A^S] ^ S 7^$± #°)6]} ZL-a-a) ^.^o] 3.711 ^ 

<115> ^^H<?1 4^1^ ^ = 7> oj^ £b o^^ofl oi^i q-E}u|^ ^-^i, i7H^l 

^2:1- 7M^r DC, °o^€^^ W -g-^^ <£^, gal vanost at i c 

potent iostatic ^V 2 ^ ^ S-^ ^>ol( s ine) %^7\ SX^ . 

<116> ^^5L^-^ ^-^^ ^cf. 

< n7 > _ ^^--o] o.^ ^ 7l^SL, <£^, ^7l^5L£L, S^T^l ^ 

<ii8> - DC£^S ^ ^2:^- 

<119> - ^7l^ O.^ S^^TT ^"M ^% 

<120> - j£tj. *J-S.ofl o^fl ^^SL^-Ol Ojs^^^ ^^n: jg ^. ^^5: o) ^7].. 

<121> ol^ofl, 5L 3d# ^sfl ^£^-#^^1 DC H^-ofl 

<122> 2]=. 5L^-o];£ 31h (dc) o| AV-g-^s. K^} ^-g- S^Hr 4^°!^. 
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SM^, ^-§-*H*l ^rcf. #«aajo.3.fe ^§^-71 (rectifiers)^ #*l7 r jZ^(AC)* ^fr 

<124> ^^-71^ ^ Einl^ofl J=L^ o^^t}. «^ «^,£- -g-^JiL SV^JL, -f 

?Mfe ^ ( cathode )°M -^^f. -g-°-^ o]^ ^Efls. ^^-^cf. 

<125> ^ff-7)^ B]vMo\)^ ^4- ^-0} o^^t}. ^, HL^r °o^O. S 3^0] ^0. 

^(anode)olEr ^cf. &%o] ^ejs]^ ^ ^. 0^0. .g-sflsjji o_ ^ i^jj-g. ^ 

<127> ^#5^ ^o] <#o. ^^-^(01-^^^)571. ^ .^"ofl^ «-^ol] ^s. 7 > Jl^^t X\l}o) Z] 

<128> S:^}7] ^lH^r JE-g-Jg JjL^ S^^* <y- 0 |.o>o]- ^ o.£j 

^ ^7fl ^« 0 >3X]E^ .g-o^ £33. ^t}. oj-^ ^ t^o.^ c^-ofl^^^^ 

^7l^tfl ^^tt 7V*H ^ir-I- 2^ r ZL *l*hg- ^t^. 

<129> A sf^ &^*\ 1 ^^H^ Jl^^ #^K<#2|Hi2Ai)l- S>]xj)?>}^ ^ ^(current 

density)^ ^-€-tf. A 5L^*}c|- 3^ *d^r ^£ ^* H^- ^ ^7} *\ 
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-<130> #ff- ^£7> ui^- feo.^, T^JI ^ <y^S. ^olcf. Ajo]-^ o>^o. 

nfl7fl 25 ASF^ ^-g- ^JE^H s^Jl ^ ^e)<4 ^ ^ ^ ^ ^ 50 ASF 

iL^ fe£ #ff- S^tf . 

<131> cf^-o.^., 5L 3e» ^2:^, l"€-2-^^l e|^liS sfl€(330)* £ 3fl- 

-?-3l*fl ^£^"#(320)* ^7^4. 
<132> £ 4a ^ ^5fl yl^o!] 4= sflJELS} ^H^- ^-2,2) &*&S.o]JL, S. 4b ^ ^Bfl 

7 ]^oH 4s sflco^ jg.^ ^ ^ £ o1ji ) £ 4c ^ £ ^o\) ^ sflJE. 

<133> 5L 4a ^ 51 4b» ^2^, S.^ ^3<*1M £-9}^ *H -g-5L^ ^# ?27} 37l 

<134> ZLE^q-, 5L 4c * £ 4d# ^s>^ ^ iL$bg- nfl 

^ -ttO.^ ^3] <^£H-£ Jl^Bfl7> 3*1 ^7) nfl^-oH Q^o] £s)o] -g- 

^-fr ^7)1 5]^ S2f7> ^Cf. 
<135> oRMH ?J£r "4^- *SJ^ ^5. 2fl= ^ ^ ZL fit 
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7}^*\ ^Alo] ^cfji ^ojt}-. 
<136> ^7]9\- ^ M. ^ofl ttfe^, g_i£o) 3g^-*V n]^S]S, JL^S ^S. sfl^^. ^ 

<137> tc^ ^- t^o)! trfe^ > ^igol 3§%S>7l #3 efl7|AE f ^7^>7l ^ Tfl 
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11 

^<£* S^^l Jf^sfl ^sfl -f^^f^ 3^*Kn. ##7fl-I- £i*>^ Xl 

i #X1; 

^*Rr Xl 2 #Xl; 

A oM Xl 2 #XHH ^ ^Xl #*fl^ ^ £^-gr 

* ^*Rr XI 3 #X1; ^ 

^"71 XI 2 #XHH e|7]iE sfl^-g. aflT^ui, ^7] XI l #XHH J-*} 

*fl Xl^Rr XI 4 #7111- °1^^^ «^ «jH sflS. U"^. 

2] 

XI 1 t8-°fl SZ<H>H, 
^7} XI 1 #Xm, 

^<£# X#X1 ^-^.n ^SL^% *}oJ ^^.g. xi 1-1 #711; 31 

A J-7i xi i-i #xhh *§s$& $h ^7fl» tisfe xi 1-2 #xm 

3£^-*>^ o)^.o]^\ ^ ^ Hj-rt. 
3] 

XI 2 %H1 &<>H, 

1-2 #XHH #7] ^-^.n ^JE^ 3)o\) JE^£ #^Xlfe- 20um°J ^-^^ 
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[^^* 4] 

5] 

*n i 

A oM 2 ^7)1^, 

#7l #$r*m ±.4/^*}°$ el^l^B 3flH* *g^*Kr 2-1 ^Tfl ; ^ 

-§- ^*Rr *ll 2-2 ^7^1* 3E^M o)^o]^\ s.^^ 
6] 

*n 5 sa°H, 

2-2 #7lHH ^€ €^ 5~10um^l ?A^r *>fe ^H. 

7] 

=£^# ^1^1 2fl^2)-£l^ ^ ^O]^. JjL;^ ^JSL^g- MVoV 2)1 el 

A o V 7l ^Sfl^SH feolS. ^£ S^-SH ol^^l 1-^^ U = 3fl^ 
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8] 

^■7) -^^€fl#3f ^7} # 20um^ ^-8- ^ ^H. sfl-EL ^S. 

[$^& 9] 

^l*fl#-& 5~10um<?| #-g- ^8.2.3. 5}^ #^ ^5. sflE ^S. 
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